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Clathrin-mediated endocytosis is a major route for diverse cargo to enter the cellular endo-
cytic pathway. New findings by Puthenveedu and von Zastrow (2006) suggest that certain 
cargo proteins, such as G protein coupled receptors that bind to PDZ domains, regulate 
their own targeting to a subset of clathrin-coated pits. Thus, cargo proteins may cause 
functional specialization of vesicle trafficking within the early endocytic pathway.Cellular uptake of receptor bound 
ligands and other membrane pro-
teins occurs through endocytosis. 
This process is of crucial impor-
tance for a variety of cellular and 
physiological activities, including 
cellular responses to growth fac-
tors, hormones, and neurotransmit-
ters. The diverse set of physiological 
cargo proteins dependent on clath-
rin-mediated endocytic trafficking 
uses common core components of 
the clathrin machinery. Yet, para-
doxically, it has been observed that 
internalization of distinct cargo is 
noncompetitive but still can be satu-
rated (Warren et al., 1998). In this 
issue of Cell, Puthenveedu and von 
Zastrow (2006) provide a possible 
answer to this problem. The authors 
describe a molecular mechanism by 
which G protein coupled receptors 
(GPCRs) that bind to cellular PDZ 
domain-containing proteins, such as 
the β-adrenergic receptor, can delay 
dynamin-dependent internalization 
of a subset of clathrin-coated pits. 
As a result, endocytosed GPCRs 
may accumulate within a popula-
tion of early endosomal vesicles 
that have a distinct composition and 
function. These data fit well with the 
recent observation by Lakadamyali 
et al. (2006) that distinct cargoes 
of the clathrin pathway are differen-
tially sorted into different types of 
early endosomes. These two stud-
ies add another layer of complexity 
to the molecular interplay between 
the clathrin- and dynamin-depend-
ent endocytic machinery, modula-
tion of the actin cytoskeleton, and the endocytic sorting of select cargo 
membrane proteins.
The study by Puthenveedu and 
von Zastrow (2006) was inspired by 
the observation that agonist-induced 
internalization of GPCRs is achieved 
by a limited subset of clathrin-coated 
pits characterized by the presence 
of β-arrestin, an adaptor protein that 
binds to clathrin and AP-2 (Cao et al., 
1998). β-arrestin is a member of the 
expanding family of clathrin-associ-
ated sorting proteins (CLASPs) dedi-
cated to the selective trafficking of 
specific categories of cargo (Traub, 
2005). Puthenveedu and von Zas-
trow (2006) asked how the presumed 
heterogeneity in the composition of 
subpopulations of clathrin-coated 
pits is mechanistically achieved and 
whether this may be dictated by the 
cargo itself. Using the GPCR δ-opioid 
receptor fused to a ligand that binds 
to PDZ domains (PDZ ligand), the 
authors examined agonist-induced 
receptor internalization by live total 
internal reflection microscopy (TIR-
FM). Kinetic analysis revealed that 
agonist-treated GPCR fusion pro-
teins carrying a functional PDZ-lig-
and display reduced internalization 
rates due to delayed recruitment of 
the GTPase dynamin (an indispen-
sable factor for membrane scission 
of vesicles that bud from clathrin-
coated pits). However, the formation 
of GPCR-β-arrestin complexes and 
their association with pre-existing 
clathrin-coated pits (labeled with fluo-
rescently tagged clathrin) were unaf-
fected by PDZ domain-GPCR ligand 
interactions. The prolonged surface Cell 12residence time of GPCR-containing 
clathrin-coated pits were character-
istic of clathrin-coated pits caught at 
a late stage of endocytosis preceed-
ing scission. Importantly, long-lived 
populations of clathrin-coated pits 
were not observed in the absence of 
agonist-treated PDZ binding GPCRs, 
suggesting that their formation was 
imposed locally by the cargo itself. 
The constitutively endocytosed lig-
and transferrin was internalized pri-
marily via short-lived clathrin-coated 
pits and was unaffected by the delay 
mediated by GPCR.
What might be the precise molecu-
lar mechanism behind the observed 
heterogeneity of the clathrin-coated 
pits induced by the cargo? It appears 
that PDZ domain-mediated tethering 
of GPCR cargo to cortical actin may 
play a crucial role. Hence, these data 
also highlight a potential new role for 
actin in endocytosis. This would be in 
addition to its postulated function in 
assisting dynamin-mediated vesicle 
scission and propelling primary endo-
cytic vesicles through the cytoplasm.
What is the physiological role of 
cargo-mediated kinetic control of 
the dynamics of clathrin-coated 
pits? One consequence of the 
observed cargo-mediated effect on 
the dynamics of a subset of clathrin-
coated pits is the reduction of com-
petition between distinct categories 
of membrane cargo proteins. This 
may be especially important for the 
spatial and temporal control of lig-
and-induced internalization of sign-
aling receptors. Cargo-induced for-
mation of long-lived clathrin-coated 7, October 6, 2006 ©2006 Elsevier Inc. 35
pits may result in the generation of a 
functionally distinct pool of primary 
endosomal vesicles. These vesicles 
would be specialized for targeting 
cargo such as GPCRs for select 
endosomal destinations or might 
provide a mechanism for regulating 
receptor signaling and resensitiza-
tion. For example, GPCRs, depend-
ing on their subcellular localization, 
connect to different down-
stream effector molecules. By 
prolonging surface residence 
times of GPCR-β-arrestin 
complexes, receptors that 
have PDZ ligands could pro-
mote mitogenic signaling 
cascades at the expense 
of canonical G protein cou-
pling elicited by arrestin-free 
receptors. 
Early endosomal specializa-
tion has recently been observed 
by Lakadamyali et al. (2006). 
Multicolor live imaging and 
particle tracking of early endo-
somes containing different 
cargo revealed the presence 
of two distinct populations of 
early endosomes. One popu-
lation was a dynamic, rapidly 
maturing population associ-
ated with microtubules, which 
preferentially carries signal-
ing or viral cargo destined for 
lysosomal degradation (such 
as the epidermal growth factor 
receptor or influenza virus); the 
other population was a larger, 
comparably static population. 
In agreement with the obser-
vations made by Puthenveedu 
and von Zastrow (2006), the 
constitutively internalized lig-
and transferrin was observed 
to traffick nonselectively to 
all Rab5-positive early endo-
somes. Strikingly, it appears 
that the biogenesis of distinct 
early endosomal subpopula-
tions is initiated at the plasma 
membrane. Knockdown of the 
ubiquitous heterotetrameric 
clathrin adaptor complex AP-
2 selectively diminished the 
static population, while leaving 
the smaller, dynamic pool of 
early endosomes unaffected 
(Lakadamyali et al., 2006). These find-
ings corroborate and complement 
the earlier observation made by sev-
eral laboratories that AP-2 is strictly 
required for transferrin uptake but is 
largely dispensable for ligand-induced 
internalization of the EGF and LDL 
receptors.
The hypothetical model arising from 
these studies suggests that endo-
somal sorting could in fact be initiated 
at a much earlier stage than previ-
ously thought (Figure 1). Internalizing 
cargo may already initiate the forma-
tion of distinct subpopulations of early 
endosomal vesicles at the stage of 
vesicle budding from clathrin-coated 
pits. CLASPs, such as β-arrestins in 
cooperation with other factors like 
PDZ-domain proteins, serve to tar-
get select cargo to long-lived 
clathrin-coated pits, presum-
ably due to delayed dynamin 
recruitment (Figure 1). Sur-
prisingly, constitutively inter-
nalized cargo relies on CLASP 
action as well. Endocytosis 
of the transferrin receptor 
requires transferrin receptor 
trafficking protein (TPP), a 
scaffolding molecule linking 
the receptor to clathrin, AP-
2, and dynamin (Tosoni et al., 
2005). In the case of constitu-
tively internalized cargo, the 
functional need for specialized 
sorting adaptors is less clear. 
It is, however, conceivable 
that TPP may impose regula-
tory control that, for example, 
could result in the exclusion 
of transferrin receptors from 
some clathrin-coated pits or 
early endosomal subpopula-
tions (Figure 1), again reduc-
ing competition between dif-
ferent endocytic cargoes.
It should be noted that there 
is still some degree of uncer-
tainty regarding how general 
these observed phenomena 
are. Ligand binding to the 
EGF receptor not only targets 
the activated receptor to pre-
existing clathrin-coated pits 
but may also stabilize the for-
mation of new clathrin-coated 
pits by an unknown mecha-
nism. In this case, unlike the 
PDZ-mediated control of the 
dynamics of clathrin-coated 
pits, the signaling function of 
the EGF receptor appears to 
be required. Traub and col-
leagues have recently chal-
lenged the view that the LDL 
receptor, another example 
of a cargo using specialized 
Figure 1. Cargo Segregation into Distinct Subsets of 
Clathrin-Coated Pits and Endosomes
(Left) Upon binding to a ligand, G protein coupled receptors 
(GPCRs) that can bind to PDZ domains interact with the adap-
tor β-arrestin, which mediates association with a subset of 
clathrin-coated pits. Binding to PDZ domain-containing pro-
teins may anchor these complexes to the actin cytoskeleton, 
which could kinetically control dynamin-mediated scission of 
endocytic vesicles (Puthenveedu and von Zastrow, 2006). As 
a result, GPCRs, and perhaps other signaling receptors, are 
targeted to a long-lived subset of clathrin-coated pits and a 
distinct subpopulation of early endosomes.
(Right) The constitutively internalized transferrin receptor is 
targeted nonselectively to clathrin-coated pits via the adap-
tor protein TPP (Tosoni et al., 2005). Lack of PDZ-mediated 
control of dynamin-dependent vesicle scission causes the 
fast internalization of clathrin-coated pits. This may result in 
the observed relative enrichment of transferrin receptor and 
presumably other constitutively internalized cargo in station-
ary early endosomes (Lakadamyali et al., 2006).36 Cell 127, October 6, 2006 ©2006 Elsevier Inc.
CLASPs, enters a limited subset 
of clathrin-coated pits. Instead the 
authors claim that the LDL receptor 
is targeted uniformly to all clathrin-
coated pits within hepatocytes (Keyel 
et al., 2006).
As always, many open questions 
remain. Is there a common mecha-
nistic basis underlying the forma-
tion of distinct clathrin-coated pit 
subpopulations caused by differ-
ent cargo proteins and their corre-
sponding CLASPs? Does functional 
specialization of the early endocytic 
pathway also account for the spa-
tial and temporal regulation of early 
endocytic membrane traffic in polar-The consumption of moderate 
amounts of alcohol is a pleasurable 
pastime for many and a popular 
means to facilitate social interaction. 
It is not by chance that the ancient 
Greeks had a god, Dionysus, to con-
secrate the pleasures of libation. 
However, the consumption of alcohol 
can also lead to dependence, and 
so determining what factors make a 
person susceptible to alcoholism is 
an important area of research.
Several reports have indicated 
that a low-level response to the 
acute intoxicating effects of alcohol 
correlates with an increased risk for 
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The actin cytoskeleton plays a
and dysregulation of actin dyn
issue of Cell, Rothenfluh et al. 
can also affect the cellular anized cells and tissues including neu-
rons? For example, synaptic vesicles 
need to maintain their compositional 
identity during repetitive cycles of 
exocytosis and endocytosis, perhaps 
via CLASPs such as stonin2 (Diril et 
al., 2006). A thorough mechanistic 
understanding of early endocytic 
specialization may also enable us to 
eventually identify compounds that 
selectively target endocytic delivery 
of select signaling receptors.
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